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Abstract. This communication reports the joint effects of Thermal Diffusion and Diffusion 
Thermo on viscous and incompressible three-dimensional nanofluid flow towards a stretching 
sheet in connection to the influence of a magnetic field. In this study, nanofluid model is employed 
for the effects of thermophoresis and Brownian motion. Following that, similarity variables are 
chosen to turn the dimensional nonlinear system into dimensionless expressions and the resultant 
transformed equations are solved numerically using Finite Element method. Special emphasis has 
been given to the parameters of physical interest. These findings are visually presented through 
graphical representations, providing a clear and insightful understanding involved in this flow 
scenario. In addition, the final results are examined in light of past research and it is determined 
that they meet the convergence standards to an exceedingly satisfactory degree. The study’s 
findings are beneficial for many technical and commercial endeavours. 
Keywords: thermal diffusion, diffusion thermo, MHD, three-dimensional, nanofluid, stretching 
sheet. 

Nomenclature 𝑢, 𝑣, 𝑤 Velocity components in 𝑥, 𝑦 and 𝑧, Axes respectively (m/s) 𝑥, 𝑦, 𝑧 Cartesian coordinates 𝑓 Dimensionless stream function along 𝑥-direction (kg/m.s) 𝑓′ Fluid velocity along 𝑥-direction (m/s) 𝑔 Dimensionless stream function along 𝑦-direction (kg/m.s) 𝑔′ Fluid velocity along 𝑦-direction (m/s) 𝑃𝑟 Prandtl number 𝑇 Fluid temperature (K) 𝑇௪ Temperature at the surface (K) 𝐵௢ Uniform magnetic field (Tesla) 𝑀 Magnetic field parameter 𝑇ஶ Temperature of the fluid far away from the stretching sheet (K) 𝐶𝑓 Skin-friction coefficient along 𝑥-direction (s-1) 𝑢௪ሺ𝑥ሻ Stretching velocity of the fluid along 𝑥-direction (m/s) 𝑣௪ሺ𝑦ሻ Stretching velocity of the fluid along 𝑦-direction(m/s) 𝑁𝑢 Rate of heat transfer coefficient (or) Nusselt number 𝑆ℎ Rate of mass transfer coefficient (or) Sherwood number 𝐶௣ Specific heat capacity of nano particles (J/kg/K) 𝑎 Constant 
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𝑅𝑒௫ Reynolds number 𝐶 Fluid nanoparticle volume concentration (mol/m3) 𝐶ஶ Dimensional ambient volume fraction (mol/m3) 𝑁𝑏 Brownian motion parameter 𝑁𝑡 Thermophoresis parameter 𝐴 Coefficient related to stretching sheet 𝐿𝑒 Lewis number parameter 𝐷஻ Coefficient of Brownian diffusion (m2/s) 𝐶௪ Dimensional nanoparticle volume concentration at the stretching surface (mol/m3) 𝐷் Coefficient of Thermophoresis diffusion (m2/s) 𝑛 Velocity power index parameter 𝐷𝑢 Diffusion thermo (or) Dufour number 𝑆𝑟 Thermal diffusion (or) Soret number 𝐶௦ Concentration susceptibility 𝐾் Thermal diffusion ratio 𝐷௠ Solutal diffusivity of the medium 𝑇௠ Fluid Mean temperature 𝜂 Dimensionless similarity variable (m) 𝜃 Dimensionless temperature (K) 𝜈 Kinematic viscosity (m2/s) 𝜎 Electrical Conductivity 𝜇 Dynamic viscosity of the fluid 𝜅 Thermal conductivity of the fluid 𝜌௙ Density of the fluid (kg/m3) 𝜏 Effective heat capacitance 𝜙 Nanoparticle volume concentration at the stretching surface (mol/m3) 𝜅஻ Boltzmann constant (J/K) / Differentiation w.r.t z 𝑓 Fluid 𝑤 Condition on the sheet ∞ Ambient conditions 

1. Introduction 

In-depth research has been started to examine the thermophysical characteristics of typical heat 
transfer fluids. However, the escalating demands of contemporary technologies cannot be met by 
these fluids. Thus, the addition of nanoparticles to such fluids is started in order to overcome these 
obstacles. Engineered nanofluids are made up of a base fluid and nanoparticles. The base fluid is 
used to produce these liquids by incorporating nano-sized particles into it. Recent research have 
demonstrated through experimentation that the inclusion of nanoparticles increases the thermal 
conductivity of conventional fluids significantly. A connection between micro and macro 
molecular structures has been established thanks to the new inherent properties of nanofluids. 
Nanofluids are extremely important in many heat transfer processes such as fuel cells, 
microelectronics, hybrid-powered engines, and so on because of their remarkable qualities. 
Because of its utility in the creation of high-quality lubricants and oils, nanofluids are utilized in 
industrial technologies. Fluid mass and heat transfer vary as a consequence of the difference in 
density between fluid flux and fluid flow regime. The interaction between composition gradients 
(Dufour) and temperature gradients is one of two possible processes that might lead to the 
generation of thermal diffusion (Soret). Although their advantages in hydrology, petrology, 
geosciences, isotope separation, and other fields have been shown [1], their influence on the fluid 
density differential in fluid flow regimes is still significant. Kaladhar et al. [2] investigated the 
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impact of Soret and Dufour on chemically reacting mixed convection flow in an annulus with 
Navier slip and convective boundary conditions. The effects of thermophoresis, Soret, and Dufour 
on the heat and mass transfer flow of a magnetohydrodynamics non-Newtonian nanofluid over an 
inclined plate were examined by Idowu and Falodun [3]. In order to investigate the combined 
effects of Soret, Dufour, and radiation of a viscoelastic fluid over an exponentially growing 
surface, Kasali et al. [4] employed the Cattaneo-Christov heat flux model. In an inclined 
rectangular enclosure with a partly saturated porous wall, Hu and Mei [5] studied the combined 
effects of heat and moisture convection and entropy production in the presence of Soret and 
Dufour numbers. The combined effects of Dufour and Soret on three-dimensional compressed 
flow and heat transfer in a spinning tube were examined by Yinusa et al. [6]. The effect of Soret 
and Dufour on thermo-solute convection was examined by Rghif et al. [7]. In double diffusive 
mixed convection, Hussain et al. [8] examined the effect of Dufour and Soret on the power law 
fluid and magnetic field parameters. Using the finite difference approach, Khan et al. [9] examined 
the Darcy-Forchheimer flow of a viscous fluid with Dufour and Soret effects. Numerical solutions 
for the MHD flow with Soret and Dufour effects were created by Hayat et al. [10]. The Soret and 
Dufour effects were taken into consideration when Hayat et al. [11] investigated the influence of 
chemical processes on the peristaltic motion of an MHD-coupled fluid in a channel. The effects 
of Soret-Dufour, heat radiation, and binary chemical reaction on the Darcy-Forchheimer flow of 
nanofluids were studied by Rasool et al. [12]. In a Hall MHD generator system, Usman et al study's 
team [13] looked into the impacts of Soret, Dufour, and activation energy on the double diffusive 
convective pair stress micropolar nanofluid flow. The effects of chemical reaction, thermo-
diffusion, and diffusion-thermo on the MHD flow of an incompressible nanofluid over a uniformly 
elongating sheet were examined by Reddy and Chamkha [14]. In a container holding liquid metal, 
Arun and Satheesh [15] explain MHD double diffusive natural convection and entropy generation. 
The slip effects of MHD unsteady Maxwell nanofluid flow across a permeable stretched sheet 
with radiation and thermo-diffusion in the presence of a chemical reaction were examined by Ali 
et al. [16] using the finite element method. The combined effects of thermo-diffusion and heat 
radiation on a porous sheet that could contract and stretch while carrying a Williamson nanofluid 
were investigated by Bhatti and Rashidi [17]. In a porous cage containing nanofluid, Aly [18] 
investigated thermo-diffusion-influenced spontaneous convection across circular cylinders.  
M. C. Krishna Reddy et al. [19]studied Heat and mass transfer effects on unsteady MHD free 
convection flow past a vertical permeable moving plate with radiation. S. Sivaiah et al. [20] Found 
the solution for Unsteady MHD mixed convection flow past a vertical porous plate in prsesence 
of radiation. M. Gundagani et al. [21] analysed the Radiation Effects on an Unsteady MHD 
Convective Flow Past a Semi-Infinite Vertical Permeable Moving Plate Embedded in a Porous 
Medium with Viscous Dissipation. Deepa Gadipally et al. [22] Studied on Analysis of soret and 
dufour effects on unsteady MHD flow past a semi infinite vertical porous plate via finite difference 
method. G. Deepa et al. [23] Studied the Effects of viscous dissipation on unsteady MHD free 
convective flow with thermophoresis past a radiate inclined permeable plate. Murali G. et al. [24] 
applied FEM on numerical study of chemical reaction effects on unsteady MHD fluid flow past 
an infinite vertical plate embedded in a porous medium with variable suction. For better 
understanding of the concept and its applications are covered by references [25-30]. 

It is crucial to evaluate thermal diffusion and thermal diffusion effects on steady, 
incompressible, viscous, electrically conducting, three-dimensional, MHD-Nanofluid flow over a 
stretched sheet in the presence of magnetic field, Brownian motion, and thermophoresis effects. 
The intellectual curiosity and technical applications of non-Newtonian rheology have greatly 
piqued academics’ attention. Because of its generous and prized application in industrial 
production mechanisms, power engineering, petroleum production, and a wide range of chemical 
processes, non-Newtonian fluids have been the subject of several studies in recent years. A single 
constitutive relation is insufficient to fully describe the features of all non-Newtonian fluids, hence 
they are classified categorically into several models. Visco-inelastic fluids, visco-elastic fluids, 
polar fluids, anisotropic fluids, and fluids with microstructure are the main classifications of these 
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models. Visco-inelastic fluids, which integrate the combined effects of elastic and viscous 
characteristics, are among them and represent the most important subclass of non-Newtonian 
fluid.  

This review is motivated by the aforementioned sources as well as the different potential 
industrial applications of the topic. The current study is considered to examine heat and mass 
transfer effects across a vertically stretched surface under the light of double diffusion effects due 
to importance in practical, industrial, and technical consequences. From the literature review 
mentioned above, it can be concluded that this issue has never been addressed. First, by using 
compatible transformations, the challenging partial equations are transformed into useful ordinary 
differential equations for this purpose. To develop numerical solutions with increased computing 
efficiency, the finite element method is utilised.  

The goal of this research is to elaborate on the findings of Khan et al. [25]. Along with the 
effects of skin friction, the rate of heat transfer and mass transfer coefficients on fluid flow, 
relevant variables including velocity, temperature, and concentration profiles are given.  

2. Mathematical formulation  

When thermophoresis, Brownian motion, and the effects of magnetic fields are present, the 
combined effects of Soret and Dufour on the flow of a nanofluid that is viscous, electrically 
conducting, incompressible, and three-dimensional are investigated. The nanofluid in question 
possesses all of these characteristics. The nanofluid under consideration is one that moves in a 
three-dimensional manner across a sheet that has been stretched. Investigations are now being 
carried out to learn more about how nanofluids behave while moving over a stretched sheet. As a 
result of the findings of this investigation, we are in a position to hypothesise the following things: 

1) For the stretching sheet, the variable thickness is assumed as 𝑧 = 𝐴ሺ𝑥 + 𝑦 + 𝑧ሻభష೙మ .  
2) Also, the stretched velocity of the sheet is 𝑢௪ = 𝑎ሺ𝑥 + 𝑦 + 𝑧ሻభష೙మ  and this is suitable for 𝑛 ≠ 1 since 𝑛 − 1 demotes the flat stretching sheet. 
The magnetic Reynolds number has to be as low as it is physically possible to make it in order 

to dismiss the magnetic field that is formed. This is the case in order to disregard the magnetic 
field that is created. 

In this work, the authors have preferred Magnetic field of strength 𝐵௢ is applied to the flow. 
The following are the equations that should be used for flow control in line with the ideas that 

have been discussed up to this point: 
Continuity equation: 𝜕𝑢𝜕𝑥 + 𝜕𝑣𝜕𝑦 + 𝜕𝑤𝜕𝑧 = 0. (1)

Momentum equations: 

𝑢 ൬𝜕𝑢𝜕𝑥൰ + 𝑣 ൬𝜕𝑢𝜕𝑦൰ + 𝑤 ൬𝜕𝑤𝜕𝑧൰ = 𝜈 ቆ𝜕ଶ𝑢𝜕𝑧ଶቇ − ቆ𝜎𝐵௢ଶ𝜌௙ ቇ𝑢, (2)𝑢 ൬𝜕𝑢𝜕𝑥൰ + 𝑣 ൬𝜕𝑢𝜕𝑦൰ + 𝑤 ൬𝜕𝑤𝜕𝑧൰ = 𝜈 ቆ𝜕ଶ𝑣𝜕𝑧ଶቇ − ቆ𝜎𝐵௢ଶ𝜌௙ ቇ𝑣. (3)

Equation of thermal energy: 

𝑢 ൬𝜕𝑇𝜕𝑥൰ + 𝑣 ൬𝜕𝑇𝜕𝑦൰ + 𝑤 ൬𝜕𝑇𝜕𝑧൰ = 𝜅𝜌𝐶௣ ቆ𝜕ଶ𝑇𝜕𝑧ଶቇ + 𝜏 ቈ𝐷஻ 𝜕𝑇𝜕𝑧 𝜕𝐶𝜕𝑧 + 𝐷்𝑇ஶ ൬𝜕𝑇𝜕𝑧൰ଶ቉ + 𝐷௠𝐾்𝐶௦𝐶௣ ቆ𝜕ଶ𝐶𝜕𝑦ଶቇ. (4)
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Equation of species concentration: 

𝑢 ൬𝜕𝐶𝜕𝑥൰ + 𝑣 ൬𝜕𝐶𝜕𝑦൰ + 𝑤 ൬𝜕𝐶𝜕𝑧൰ = 𝐷஻ ቆ𝜕ଶ𝐶𝜕𝑧ଶቇ + 𝐷்𝑇ஶ ቆ𝜕ଶ𝑇𝜕𝑧ଶቇ+ 𝐷௠𝐾்𝑇௠ ቆ𝜕ଶ𝑇𝜕𝑦ଶቇ. (5)

The boundary conditions for this flow are: 𝑢 = 𝑢௪ሺ𝑥ሻ,    𝑣 = 𝑣௪ሺ𝑥ሻ,    𝑇 = 𝑇௪ሺ𝑥ሻ ,    𝐶 = 𝐶௪ሺ𝑥ሻ,      𝑧 = 0𝑢 → 0,     𝑣 → 0,     𝑇 → 𝑇ஶ,   𝐶 → 𝐶ஶ,        𝑧 → ∞,  (6)

where: 𝐵ሺ𝑥ሻ = 𝐵௢ሺ𝑥 + 𝑦 + 𝑧ሻଵି௡ଶ , (7)𝑢௪ = 𝑎ሺ𝑥 + 𝑦 + 𝑧ሻଵି௡ଶ ,        𝑣௪ = 𝑎ሺ𝑥 + 𝑦 + 𝑧ሻ௡,   𝜏 = ൫𝜌𝐶௣൯௦൫𝜌𝐶௣൯௙ ,
𝑇௪ = 𝑇ஶ + 𝑇௢ሺ𝑥 + 𝑦 + 𝑧ሻଵି௡ଶ ,        𝐶௪ = 𝐶ஶ + 𝐶௢ሺ𝑥 + 𝑦 + 𝑧ሻଵି௡ଶ ,      𝑛 ≠ 1. (8)

If you use the following similarity transformations and convert the governing equations to 
ordinary differential equations, you should be able to get the answers that you are seeking for: 𝑢 = 𝑎ሺ𝑥 + 𝑦 + 𝑧ሻ௡𝑓ᇱሺఎሻ,     𝜃 =  𝑇 − 𝑇ஶ 𝑇௪ሺ𝑥ሻ − 𝑇ஶ ,    𝜙 =  𝐶 − 𝐶ஶ 𝐶௪ሺ𝑥ሻ − 𝐶ஶ ,
𝑣 = 𝑎ሺ𝑥 + 𝑦 + 𝑧ሻ௡𝑔ᇱሺ𝜂ሻ,       𝜂 = 𝑧 ቌඨሺ𝑛 + 1ሻ𝑎2𝜈 ቍ ሺ𝑥 + 𝑦 + 𝑧ሻଵି௡ଶ ,
𝑤 = −ඨ 2𝑎𝜈𝑛 + 1 ሺ𝑥 + 𝑦 + 𝑧ሻଵି௡ଶ ൜൬𝑛 + 12 ൰ ሾ𝑓ሺ𝜂ሻ + 𝑔ሺ𝜂ሻሿ + 𝜂 ൬𝑛 − 12 ൰ ൣ𝑓ᇱሺఎሻ + 𝑔ᇱሺఎሻ൧ൠ .

 (9)

The continuity equation, which is validated by Eq. (9), is provided in the following form, which 
is also used by Eqs. (2), (3), (4), and (5): ൬𝑛 + 12 ൰ 𝑓′′′ − 𝑛𝑓′ଶ − 𝑛𝑓′𝑔′ + ൬𝑛 + 12 ൰ 𝑓𝑓′′ + ൬𝑛 + 12 ൰𝑔𝑓′′ − 𝑀𝑓′ = 0, (10)൬𝑛 + 12 ൰𝑔′′′ − 𝑛𝑔ᇱଶ − 𝑛𝑓′𝑔′ + ൬𝑛 + 12 ൰ 𝑓𝑔′′ + ൬𝑛 + 12 ൰𝑔𝑔′′ − 𝑀𝑔′ = 0, (11)𝜃′′ + 𝑁𝑏𝜃′𝜙′ + 𝑁𝑡𝜃ᇱଶ − ൬1 − 𝑛1 + 𝑛൰Pr𝑓′𝜃 − ൬1 − 𝑛1 + 𝑛൰Pr𝑔′𝜃 + ൬1 − 𝑛1 + 𝑛൰Pr𝑓𝜃′+ ൬1 − 𝑛1 + 𝑛൰Pr𝑔𝜃′ + Pr𝐷𝑢𝜙′′ = 0, (12)

𝑁𝑏𝜙′′ + 𝑁𝑡𝜃′′ + 𝐿𝑒𝑁𝑏 ൬1 − 𝑛1 + 𝑛൰𝑓′𝜙 − 𝑁𝑏𝐿𝑒 ൬1 − 𝑛1 + 𝑛൰𝑔′𝜙 + 𝑁𝑏𝐿𝑒 ൬1 − 𝑛1 + 𝑛൰ 𝑓𝜙′      +𝑁𝑏𝐿𝑒 ൬1 − 𝑛1 + 𝑛൰𝑔𝜙′ + 𝑁𝑏𝑆𝑟𝜃′′ = 0.  (13)

As a direct consequence of this Eq. (6), the following boundary constraints are imposed on the 
system: 
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𝑓ሺ0ሻ = 0,   𝑔ሺ0ሻ = 0,      𝑓ᇱሺ଴ሻ = 1,   𝑔ᇱሺ0ሻ = 1,    𝜃ሺ0ሻ = 1,    𝜙ሺ0ሻ = 1,   𝑓′ሺ∞ሻ = 0,   𝑔′ሺ∞ሻ = 0,   𝜃ሺ∞ሻ = 0,    𝜙ሺ∞ሻ = 0.  (14)

When referring to the subject matter at hand, many of the components that go into making it 
up are referred to as: 

𝑀 = 𝜎𝐵௢ଶ𝜌𝑎 , Pr = 𝜇𝐶௣𝜅 ,      𝐿𝑒 = 𝜈𝐷஻ , 𝑁𝑏 = 𝜏𝐷஻ሺ𝐶௪ − 𝐶ஶሻ൫𝜇𝐶௣൯௙ ,
𝑆𝑟 = 𝐷௠𝐾்(𝑇௪ − 𝑇ஶ)𝑇௠𝜈(𝐶௪ − 𝐶ஶ) ,   𝐷𝑢 = 𝐷௠𝐾்(𝐶௪ − 𝐶ஶ)𝐶௦𝐶௣𝜈(𝑇 − 𝑇ஶ) ,    𝑁𝑡 = 𝜏𝐷்(𝑇௪ − 𝑇ஶ)𝑇ஶ൫𝜇𝐶௣൯௙ , (15)

The Sherwood number, the skin-friction coefficient, and the local Nusselt number are: 

𝐶𝑓௫ = 2ඨ𝑛 + 12 .  1ඥ𝑅𝑒௫ .  𝑓′′(0),    𝐶𝑓௬ = 2ඨ𝑛 + 12 .  1ඥ𝑅𝑒௬ .  𝑔′′(0),
𝑁𝑢 = −ඨ𝑛 + 12 .  ඥ𝑅𝑒௫ .  𝜃′(0),     𝑆ℎ = −ඨ𝑛 + 12 .  ඥ𝑅𝑒௫ .  𝜙′(0),  (16)

where 𝑅𝑒௫ = 𝑢௫(𝑥)(𝑥 + 𝑦 + 𝑧) 𝜈⁄  and 𝑅𝑒௬ = 𝑣௫(𝑥)(𝑥 + 𝑦 + 𝑧) 𝜈⁄  are local Reynolds numbers. 

3. Method of solution  

Numerical modelling and simulation provide an easier, cheaper and highly efficient way to 
find solutions to complex mathematical equations. The development of computer numerical 
modelling has been useful in simplifying the problem-solving procedure. Numerical models are 
developed to perfectly match the physical system, and the solutions can be analyzed and checked 
against the real system. These numerical methods allow us to improve approaches to the physical 
system and solve it quickly. The finite element method employed in the current study can be used 
in future research since it is a highly useful approach to solving linear and nonlinear partial and 
ordinary differential equations in physics, mechanical engineering, and other related subjects. The 
following are the advantages of FEM technique: 

– Modelling  
– Adaptability  
– Accuracy  
– Boundaries 
– Visualization 
The use of the finite element approach is shown in Fig. 1, which also serves as an example. 

The resolution of generated equations may be accomplished by the use of a wide variety of 
numerical techniques, including the LU decomposition method, the Gauss elimination method, 
and a great deal more besides. The solution of built equations is one of the most popular uses for 
these approaches. When working with real numbers, it is very necessary to bear in mind the form 
functions that are used to make an approximate approximation of real functions. Form functions 
may be used to provide a close approximation of real functions. If you follow this technique step 
by step, you may be certain that your calculations will be accurate. The flow domain has a total of 
20,001 nodes and is divided into 10,000 quadratic components that are all the same size. 

These components are all of the same shape. The flow domain is made up of 10,000 quadratic 
components, all of which are of the same magnitude as their counterparts in the other components. 
After the element equations were developed, there were a total of 80,004 nonlinear equations that 



JOINT EFFECTS OF THERMAL DIFFUSION AND DIFFUSION THERMO ON MHD THREE DIMENSIONAL NANOFLUID FLOW TOWARDS A STRETCHING 
SHEET. G. MURALI, G. DEEPA, NIRMALA KASTURI V, T. POORNAKANTHA 

136 ISSN PRINT 2351-5279, ISSN ONLINE 2424-4627  

could be investigated. These equations were made accessible for study. After the boundary 
conditions have been applied, the Gauss approach is used to remove the remaining system of 
nonlinear equations, and then the Gauss technique is used to arrive at a numerical solution that is 
accurate to 0.00001 degrees. The use of gaussian quadrature is done so that the challenges that are 
connected to integration may be aided in some way. 

  
Fig. 1. Finite element method flow chart and meshing diagram 

Program code validation. 

Table 1. Comparison of present finite element method results  
with published results of Khan et al. [25] for 𝑆𝑟 = 𝐷𝑢 = 𝑀 = 𝐿𝑒 = 0 

Pr Present Nusselt number results Nusselt number results of Khan et al. [25]
7.0 2.39698362139067130947561 2.404797 
13.0 2.69678670983769138713347 2.705551 
25.0 3.27565748503561087643423 3.287794 
50.0 4.10875617938673896398386 4.115197 

100.0 5.32767687587319873698139 5.336685 

Table 1 compares the most recent finite element Nusselt number (rate of heat transfer) results 
with those that Khan et al. [25] had previously reported using the shooting method with the fourth- 
to fifth-order Runge-Kutta integration method without taking into account the effects of thermal 
diffusion, diffusion thermo, magnetic field, and Lewis number. As this table demonstrates, there 
is a strong correlation between the new findings and the outcomes that Khan et al. [25] previously 
established. 

4. Results and discussion 

In this results and discussion section, the authors have to study the effects of the different 
physical parameters namely Magnetic field parameter (𝑀), Prandtl number (𝑃𝑟), Thermophoresis 
parameter (𝑁𝑡), Brownian motion parameter (𝑁𝑏), Lewis number (𝐿𝑒), Diffusion thermo 
parameter (𝐷𝑢), Thermal diffusion parameter (Sr) and Velocity power index parameter (𝑛) are 
presented through Fig. 3 to 16 for dimensionless velocity, temperature and concentration (𝜙(𝜂)) 
profiles. Also, the effects of same parameters are discussed on engineering quantities namely 
Skin-friction coefficient, Nusselt number (rate of heat transfer coefficient), Sherwood number 
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(rate of mass transfer coefficient) are discussed with help of numerical values in tabular forms.  
Effect of Magnetic field parameter (𝑀): Figs. 2 and 3 intend the velocity profiles 𝑓′(𝜂) and 𝑔′(𝜂) for various values of 𝑀 (Magnetic field parameter). It is observed that velocity fields 𝑓′(𝜂) 

and 𝑔′(𝜂) decline when the values of 𝑀 increases. The application of an applied magnetic field 
has the tendency to slow down the movement of the fluid, which leads to a decrease in the velocity 
and momentum boundary layer thickness. The influence of Magnetic field parameter (𝑀) on 
Skin-friction coefficient is discussed in Table 2. From this table, it is observed that, the Skin-
friction coefficient is decreasing with increasing values of Magnetic field parameter. 

 
Fig. 2. 𝑓′(𝜂) profiles for deviations of 𝑀 

 
Fig. 3. 𝑔′(𝜂) profiles for deviations of 𝑀 

Table 2. Skin-friction coefficient 𝐶𝑓௫
 
values for different values of 𝑀, 𝑃𝑟, 𝑁𝑡, 𝑁𝑏, 𝑛, 𝑆𝑟, 𝐷𝑢 and 𝐿𝑒 𝑀 𝑃𝑟 𝑁𝑡 𝑁𝑏 𝑛 𝑆𝑟 𝐷𝑢 𝐿𝑒 𝐶𝑓௫ 

0.2 0.71 0.1 0.1 0.1 0.5 0.5 0.3 2.376518457634875 
0.4  

 
 

 
 

 
 

2.346574687580164 
0.6 2.326786768709389 

 

1.00 2.330867069736953 
3.00 2.310560986703987 

 

0.3 2.404758471653743 
0.5 2.423034839876236 

 

0.3 2.392328956490934 
0.5 2.414467037460111 

 

0.2 2.406787110387667 
0.3 2.426470107340303 

 

0.8 2.397778556767339 
1.0 2.415656787287387 

 

1.0 2.402564107354705 
1.5 2.426676872736475 

 0.7 2.347785290756908 
0.9 2.313567577575207 

Effect of Velocity power index parameter (𝑛): The influence of 𝑛 (Velocity power index 
parameter) on velocity profiles (𝑓′(𝜂) and 𝑔′(𝜂)), temperature (𝜃(𝜂)) and concentration (𝜙(𝜂)) 
profiles are discussed in Figs. 4-7. From these figures, it is observed that the velocity profiles 
(𝑓′(𝜂) and 𝑔′(𝜂)), temperature (𝜃(𝜂)) and concentration (𝜙(𝜂)) profiles are increasing with 
increasing values of n (Velocity power index parameter). The effect of Velocity power index 
parameter (𝑛) on Skin-friction coefficient, Rate of heat transfer and mass transfer coefficients are 
discussed in Tables 2, 3 and 4 respectively. From these tables, it is observed that, the Skin-friction, 
Rate of heat transfer and mass transfer coefficients are increasing with increasing values of 
Velocity power index parameter. 

Effect of Prandtl number (𝑃𝑟): Fig. 8 illustrates the link that exists between the Prandtl number 
and the temperature of the fluid whose temperature is being measured. As the value of 𝑃𝑟 
continues to increase, the temperature gradient of the fluid will give off the impression of being 
less striking. When 𝑃𝑟 increases, so does the momentum diffusivity, which eventually overtakes 
the thermal diffusivity and becomes the dominant one. This happens when momentum diffusivity 
finally overtakes thermal diffusivity. There is a good chance that the amount of heat that can be 
transferred by a fluid is in some way related to the speed at which the fluid is moving. This has 
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the immediate effect of reducing the thickness of the boundary layer, which in turn results in an 
increase in the rate at which heat is carried. The effect that the Prandtl number, which is more 
commonly referred to as 𝑃𝑟, has on the rate of heat transfer coefficient is broken down and 
discussed in Table 3. According to the data presented in the table, the rate of the heat transfer 
coefficient tends to decrease as the Prandtl number rises. This is indicated by the downward trend 
seen in this rate. 

 
Fig. 4. 𝑓′(𝜂) profiles for deviations of 𝑛 

 
Fig. 5. 𝑔′(𝜂) profiles for deviations of 𝑛 

 

 
Fig. 6. 𝜃(𝜂) profiles for deviations of 𝑛 

 
Fig. 7. 𝜙(𝜂) profiles for deviations of 𝑛 

Table 3. Skin-friction coefficient 𝐶𝑓௬
 
values for different values of 𝑀, Pr, 𝑁𝑡, 𝑁𝑏, 𝑛, 𝑆𝑟, 𝐷𝑢 and 𝐿𝑒 𝑀 Pr 𝑁𝑡 𝑁𝑏 𝑛 𝑆𝑟 𝐷𝑢 𝐿𝑒 𝐶𝑓௫ 

0.2 0.71 0.1 0.1 0.1 0.5 0.5 0.3 1.267896398713986 
0.4  

 
 

 
 

 
 

1.228678209386932 
0.6 1.209678676901767 

 

1.00 1.218081896618944 
3.00 1.197098285694984 

 

0.3 1.280897892741818 
0.5 1.316786529873929 

 

0.3 1.285413403369393 
0.5 1.309376036137032 

 

0.2 1.299687200698301 
0.3 1.320986729849287 

 

0.8 1.296713670933986 
1.0 1.327643109334933 

 

1.0 1.309857666686248 
1.5 1.336790868733696 

 0.7 1.245745637901711 
0.9 1.229954901934930 

Effect of Brownian motion parameter (𝑁𝑏): Using the data that is shown in Figs. 9 and 10, the 
authors came to the conclusion that an increase in the Nb, which is the parameter that describes 
the Brownian motion, results in a drop in the concentration fields and a rise in temperature. The 
thermophoresis and Brownian motion coefficients of individual nanoparticles do not all have the 
same values. This is a well-established scientific fact. This exemplifies the fact that New 
Brunswick possesses breathtakingly gorgeous natural scenery. Tables 2, 3, and 4 respectively 
analyse the effect that the Brownian motion parameter has on the skin friction, the rate of heat 
transfer, and the mass transfer coefficients. If you take a look at these tables, you'll see that the 
value of the Brownian motion parameter causes the skin-friction and rate of heat transfer 
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coefficients to increase, whilst the rate of mass transfer coefficient decreases. This is something 
that you can observe for yourself. In the case of the rate of mass transfer coefficient, one observes 
the impact that is directly opposite. 

 
Fig. 8. 𝜃(𝜂) profiles for deviations of 𝑃𝑟 

 
Fig. 9. 𝜃(𝜂) profiles for deviations of 𝑁𝑏 

 

 
Fig. 10. 𝜙(𝜂) for deviations of 𝑁𝑏  

 
Fig. 11. 𝜃(𝜂) profiles for deviations of 𝑁𝑡 

 

 
Fig. 12. 𝜙(𝜂) for deviations of 𝑁𝑡   

Fig. 13. 𝜙(𝜂) for deviations of 𝐿𝑒 
 

 
Fig. 14. 𝜃(𝜂) profiles for deviations of 𝐷𝑢  

 
Fig. 15. 𝜙(𝜂) for deviations of 𝑆𝑟  

Effect of Dufour number or Diffusion thermo parameter (𝐷𝑢): Fig. 14 showed that the fluid 
temperature profile rose along with the rise in the Dufour number. This phenomenon may be 
explained physically as what would happen if two separate fluids with the same temperature and 
no chemical reaction were discharged into the system and allowed to spread. The temperature 
differential in the system would increase. Tables 2 and 3 explore, respectively, how the Dufour 
number affects skin friction and the rate of heat transfer coefficients. These data show that when 
the Dufour number rises, both skin friction and the rate of heat transfer coefficients increase. 

Effect of Soret number or Thermal diffusion parameter (𝑆𝑟): The influence of the Soret number 
on concentration profiles and the subsequent increase in fluid concentration is seen in Fig. 15. The 
Soret effect takes place when an irreversible process results in a temperature gradient in a 
concentration field. This causes the field to have a gradient. It is likely to result in an increase in 
the concentration flux of the flow system. Fig. 15 gives an explanation. The effect that the Soret 
number has on the rate of mass transfer coefficients and the skin friction is investigated in Tables 2 
and 4, respectively. According to these data, a rise in the Soret number results in an increase in 
the rate of mass transfer coefficients as well as an increase in the skin friction. 
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Table 4. Rate of heat transfer coefficient 𝑁𝑢௫ 
values for different values of 𝑃𝑟, 𝑁𝑏, 𝑁𝑡, 𝑛 and 𝐷𝑢 𝑃𝑟 𝑁𝑏 𝑁𝑡 𝑛 𝐷𝑢 𝑁𝑢௫  

0.71 0.1 0.1 0.1 0.5 0.746187561347563 
1.00     0.707856729847486 
3.00 0.670804287489651 

 0.3 0.769782183756867 
0.5 0.780298476173734 

 0.3 0.779717360931973 
0.5 0.793736631397399 

 0.2 0.772556776400390 
0.3 0.797670987097368 

 1.0 0.786768609816987 
1.5 0.812598919086301 

Table 5. Rate of mass transfer coefficient 𝑆ℎ௫ values for different values of 𝐿𝑒, 𝑁𝑏 and 𝑁𝑡 𝐿𝑒 𝑁𝑏 𝑁𝑡 𝑛 𝑆𝑟 𝑆ℎ௫  

0.3 0.5 0.1 0.1 0.5 0.895678168053718 
0.7  

 
 

 

0.853665034039290 
0.9 0.821067039160937 

 

0.5 0.866786908742823 
0.8 0.849871987659872 

 

0.3 0.919610369829839 
0.5 0.930896981367903 

 

0.2 0.903565706418738 
0.3 0.922060361073783 

 0.8 0.916673187346049 
1.0 0.931604176304393 

5. Conclusions 

In this current research work, Finite element method is implemented to provide the numerical 
solutions of nanofluid parameters in three dimensional flows. The numerical solutions are used to 
study the three dimensional structures with the flow of nanofluid to investigate the influence of 
well-known fluid parameters and the final results are: 

1) Increasing values of Magnetic field parameter, the fluid velocities along 𝑥 and 𝑦 – 
directions are decreasing due to Lorentz force. 

2) Rising values of Velocity power index parameter, the fluid velocities along 𝑥 and 𝑦 – 
directions are growing. 

3) Increasing values of Prandtl number decreases temperature profiles and the reverse effect is 
noticed in case of rising values of Dufour number, Velocity power index parameter, 
Thermophoresis parameter and Brownian motion parameters. 

4) In case of increasing values of Thermophoresis parameter, Soret number, Velocity power 
index parameter, the Concentration profiles are decreases and reduce for in case of Brownian 
motion parameter and Lewis number. 

5) Finally, for program code validation, the authors have compared the present research work 
with the published results of Khan et al. [25] and observed good agreement. 
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